chronic airways obstruction (Reinhardt, 1912; 
ness in subjects with airways obstruction independently of mechanical factors limiting their ventilation. Scott, 1920) . This cannot be explained by an increase in blood buffering capacity as the ventilatory response in these patients is still low when related to change in hydrogen ion concentration rather than COz tension (Prime & Westlake, 1953;  Alexander, West, Wood & Richards, 1955) . These workers concluded that in some patients there was a loss of central sensitivity to COz and this possibility is supported by studies in normal subjects showing a mean reduction of 18% in COz responsiveness after exposure to 1.5% COz for 42 days (Schaefer, Hastings, Carey & Nichols, 1963) . These conclusions were in accordance with the clinical observation that patients differ in their tendency to CO, retention despite similar degrees of airways obstruction.
The alternative view that mechanical factors in the lungs were the main cause of diminished COz responsiveness in these patients received support from the demonstration that addition of an external flow resistance in normal subjects reduced the ventilatory response to levels found in patients with chronic airways obstruction (Cherniack & Snidal, 1956 ). This finding emphasized that central COz responsiveness cannot be assessed adequately in terms of ventilation.
Techniques have been developed that are independent of mechanical factors limiting ventilation but Introduction It has been known for mny years &at ventilatory responsiveness to CO, is diminished in patients with Correspondence: Dr A. W. Matthews, Western Hospital, Southampton, Hank response to CO, was low in those patients with CO, retention but normal in those with normal arterial CO, tensions (Park, 1965; Flenley & Millar, 1968; Lane & Howell, 1970) . Similar conclusions were reached by Lourenco & Miranda (1968) using integration of the diaphragmatic electromyogram as an index of respiratory motor output. This technique involves an oesophageal electrode and uses sophisticated electronic apparatus to subtract the effect of cardiac activity. Recently we have developed a method of assessing CO, responsiveness by measuring the maximum rate of change of pressure at the mouth [(dP/dt)max.] at the beginning of inspiration against a brief total occlusion (Matthews & Howell, 1975) . This represents the rate of isometric force development by the inspiratory muscles before flow occurs, and is therefore unaffected by increased flow resistance, reflexes related to increasing lung volume, and proprioceptive feedback mechanisms. In normal subjects the (dPidt),.,.
response to COz correlates well with the ventilatory response but, unlike the latter, is not reduced by the addition of an external flow resistance. In addition there is evidence that it is not reduced by an increase in lung volume. It is rapid and simple to perform and involves no more discomfort for the patient than that associated with the rebreathing procedure.
Methods
The technique and apparatus have been described fully elsewhere (Matthews & Howell, 1975) . Briefly, the subjects rebreathed C O z + 0 2 (5:95) from a recording spirometer and their ventilatory response to COz was recorded over a period of about 5 min. At the same time pressure was measured between the mouth and a simple two-way respiratory valve with an opening pressure of about 1 cmHzO (0.098 kPa). This provides a brief total occlusion of the airway at the beginning of inspiration. The pressure signal was differentiated electronically and the maximum rate of inspiratory pressure change [(dP/dt),,,.] in the occluded airway recorded. Ventilation and (dPldt),.,.
were plotted against end-tidal CO, tension and the subject's responsiveness was assessed as the mean slope of the response curves between end-tidal CO, tensions of 50 and 60 nmHg (6.66-8.0 kPa). In the patients with COz retention the slope of the curve was measured from 10 to 20 mmHg above their initial end-tidal CO, tension.
FEVl and FVC were recorded with a bellows spirometer (Vitalograph) and all gas volumes corrected to BTPS. Arterial CO, tension was estimated in all cases by the rebreathing technique (Campbell & Howell, 1960) and in twentyeight cases direct arterial blood gas analysis was also performed.
Subjects
The subjects were forty patients (with one exception, between 45 and 75 years of age) with chronic airways obstruction. All had a FEVl of less than 1.3 litres and a FEVl/FVC ratio of less than 65%. At the time of study eighteen patients had arterial CO, tensions over 50 mmHg (6.66 kPa) and twenty-two had Pa,coz 47 mmHg (6.25 kPa) or less. Details of the patients are shown in Table 1 .
The nature of the investigation was explained to each patient and their informed consent obtained.
Results
A typical result in a patient with severe airways obstruction and normal Pa,co, is shown in Fig. 1 . The ventilatory response to C o t is very low, as would be expected with this degree of airways obstruction, but the (dP/dt),.. . response is within the previously established normal range : 0 . 6 4 6 cmH,O s-I mmHg CO,-' (0.44-3.38 kPa s-I kPa CO, -*). Fig. 2 shows the responses in a patient with equally severe airways obstruction and CO, retention. The ventilatory response is again very low but in addition the slope of the (dP/dt),.,. response is depressed below the normal range. This pattern was repeated throughout the series of patients and is summarized together with the previously established range from thirty-two normal subjects (Matthews & Howell, 1975) in Fig. 3 . Full details are given in Table 1 .
In the twenty-two patients with normal arterial CO, tension the mean ventilatory response was 0.57 1 min-l mmHg COz-' (4.28 1 min-' kPa-') (SE 0,066). In the eighteen hypercapnic patients the mean ventilatory response was lower at 0 2 7 1 min-' mmHg-' (1.8 1 min-' kPa-') (SE 0.035) but the difference between the mean values of the two groups of patients was not signxcant (P -= 0.3). These levels are significantly lower than the mean value of a previously studied group of thirty-two normal subjects, which was 1.96 1 min-' mmHg CO,-' (14-7 1 min-* kPa-') (SE 0.166), P<O-OOl for 
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. This is significantly lower than the mean values of both the normal and normocapnic groups (P<O.OOl in both cases). There was no significant difference in resting ventilation or (dP/dt),,,. between the normocapnic and hypercapnic groups. We have shown previously that (dPldt),,,. represents the rate of isometric inspiratory force development by the respiratory muscles in response to the prevailing drive from the respiratory centre (Matthews &Howell, 1975) ; also that it is sufficiently independent of lung mechanics to serve as an index of the motor output of the respiratory centre, except possibly when there is neurological or muscular disease.
-
The present study confirms the inadequacy of the ventilatory response as a measure of CO, sensitivity in patients with chronic airways obstruction: it was considerably reduced in patients who maintained normocapnia despite severe airways obstruction. The hypercapnic patients who had slightly more severe airways obstruction had even lower ventilatory responses but the difference was not significant. The significant correlation between ventilatory response and FEVl in both groups of patients emphasizes the importance of mechanical factors in influencing the ventilation achieved for a given increase in central drive.
The separation of the normocapnic and hypercapnic groups in terms of their (dP/dt)m.x. responses suggests that this is a satisfactory index of central COz responsiveness under these conditions. The very low response in some of the hypercapnic patients must represent a severe loss of CO, sensitivity. A very low (dP/dt),,,. response to COz has been demonstrated in a patient with alveolar hypoventilation and chronic hypercapnia but no detectable abnormality of lung mechanics and a normal ventilatory response to exercise (Gillam, Sterling & Matthews, 1974) .
Development of insensitivity to carbon dioxide
The difference in COz responsiveness between the hypercapnic patients on one hand and the normocapnic patients and normal subjects on the other, when measured in terms of (dP/dt),,,., is striking and it is surprising that a greater overlap of responsiveness was not found. Earlier studies using inspiratory work rate had suggested a more graded reduction in responsiveness (Lane & Howell, 1970) but numbers were small and the methodology was complex. It is not known whether the hypercapnic subjects had low responsiveness before the development of airways obstruction but as they now lie almost exclusively below the range found in our normal subjects it would seem likely that they have acquired their very low COz responsiveness during the course of their disease. Clark & Cochrane (1972) have shown that addition of an external flow resistance in normal subjects produced a greater reduction of the ventilatory response in poorly responsive individuals than in those with high responsiveness. The results in our series of normal subjects did not confirm this but a much smaller resistance was used. On the other hand, Schaefer (1963) showed that exposure of normal subjects to 1-5 % CO, for 42 days produced a greater reduction in ventilatory response in those who were originally the most responsive. It must be concluded that the mechanism of loss of C 0 2 responsiveness is unknown and our data do not provide any evidence about its nature.
Clinical significance of loss of responsiveness to carbon dioxide
The association of poor CO+ responsiveness with the development of cor pulmonale, polycythaemia and liability to CO, narcosis (Lane & Howell, 1970) indicates the possible importance of central COz sensitivity in determining the clinical progress of a patient with chronic airways obstruction. Of the eighteen hypercapnic patients in the present series, thirteen were hypoxaemic with an arterial oxygen saturation of less than 85 %, nine were polycythaemic with a haematocrit of over 55% and fifteen had signs of cor pulmonale. None of these features was found in the normocapnic patients.
The risk of developing a rise in arterial CO, tension is illustrated by two of our patients. From Table 1 it can be seen that one normocapnic patient (L.P.) had a very low (dPldt),,.. response of 0.4 cmHzO s-' mmHg-' (0.29 kPa s-' kPa C02-l), and Pa,co2 43 mmHg (5.72 kPa) at the time of the study. Two weeks previously he had had an acute chest infection and his pB,co2 had risen to 49 mmHg (6.52 kPa). Similarly patient R.K., with a (dP/dc)m... response of 0.4 cmH20 s-I mmHg-' (0.29 kPa s -l kPa C02-l) and a mildly raised Pa,co2 (50 mmHg; 6.65 kPa) on the day of study had had an episode of acute bronchitis 2 weeks previously, during which his Pa,m2 had risen to 63 mmHg (8.38 kPa) . From our data it would Seem that a subject with a (dPldt),.,. response of less than about 0.8 cmH20 s-' mmHg C 0 2 -' (0-59 Wa s-' kPa COz -l) is likely to develop CO, retention if sufficient mechanical impairment of ventilation occurs. In view of this it would be valuable to assess the (dP/dt)m.x. response to C02 in patients with chronic airways obstruction while they are relatively well with the aim of predicting those who are likely to develop ventilatory failure during an acute exacerbation of their disease. We have shown that in asthmatic subjects the (dP/dt),,,. response remains relatively constant despite large changes in FEVl (Matthews & Howell, 1975) . The measurement is technically simple, can be performed in less than 5 min, and involves no significant discomfort to the patient, particularly those who are unresponsive. The procedure can be stopped at the first sign of distress as this is always associated by a significant increase in (dP/dt),,.. and indicates good responsiveness.
Our findings support the view that ventilatory failure in chronic airway obstruction results from a combination of central insensitivity to C02, mechanical factors such as changes in airways resistance, lung compliance and lung volume, which reduce the ventilation achieved for a given central drive, and changes in ventilation perfusion relationships, which may reduce the effectiveness of ventilation in maintaining normal blood gas tensions. It would seem that central insensitivity to CO, is in most cases acquired but the mechanism of this process remains unknown and is a subject for a further study.
